Wild population management programs require determining some fundamental aspects for conservation, including population structure, flow between populations, evolutionary history and kinship, among others. Since sample collection from wild mammals for DNA extraction is a complex task, conservation genetics has developed non-invasive sampling techniques, which allow obtaining DNA without the need to capture individuals. For the genetic characterization of otter populations, stools are frequently used as source of DNA for amplification of molecular markers (microsatellites, mitochondrial segments and sequences for determining sex) in studies on genetic diversity, phylogeography, population structure and size, among others. This review summarizes the application of non-invasive sampling techniques in genetic studies of otter species. Genetic characterization studies that use stools as source of DNA support the usefulness of this material to get amplified markers in the genotyping of individuals. They also suggest the use of fresh samples and appropriate conservation methods to avoid DNA degradation, as well as quantify the potential errors in genotyping, such as false and null alleles.
Introduction
Conservation Genetics studies the factors that affect the genetic diversity and the current distribution of species, with the aims of reducing the probability of extinction and preserving biodiversity. Genetic diversity is the raw material for evolution, because it favors the adaptation and speciation of organisms (Hedrick 2001) . Knowledge of the genetic diversity of a species allows determining the effect of habitat fragmentation on the reduction of gene flow, inbreeding, and the ability to evolve in response to environmental changes, as well as defining evolutionarily relevant units (Frankham et al. 2002; Moritz 2002) . The articulation of this information with the ecological characteristics of populations contributes to the definition of appropriate management strategies, as conservation seeks to maintain biological and genetic diversity (Frankham 1995; Lynch 1996) .
Common materials for genetic studies in animals are blood or tissue samples, which may affect the integrity of an individual. As a result of this situation and the evasive behavior of many species, non-invasive samples used to obtain DNA include pelage, faeces, urine, saliva, nails and feathers. In addition, the development of techniques such as PCR allows the amplification of specific sequences that have facilitated the genotyping of individuals and the genetic characterization of wild populations (Kohn and York 1999; Pearse and Eckerman 2001; Creel et al. 2003; Wilson and Frantz 2003) . In the case of stools, intestinal epithelial cells shed during deposition are used as source of genetic material. However, the low quantity and quality of DNA; and the presence of extraneous DNA from bacteria and preys, as well as PCR inhibitors, can affect the success of amplification (Taberlet and Griffin 1996; Taberlet and Luikart 1999) . Accordingly, it is recommended to use fresh stools to avoid the effects of exposure to unfavorable environmental conditions, collect a sufficient sample volume, use primers that amplify short segments, and use appropriate conservation methods to avoid DNA degradation. Chemicals commonly used for preservation include ethanol (EtOH), silica, lysis buffer, and DET (DMSO/Tris/EDTA) buffer. In addition, low temperatures have been suggested (Longmire et al. 1997; Wasser et al. 1997; Frantzen et al. 1998; Taberlet and Luikart 1999; Murphy et al. 2002) . There is no consensus on the best method for conservation, since this depends on sample quality, the tion strategy, or for coordinating the sexual activity (Parera 1996) . Marking usually takes place on dry solid substrates and near water sources (Bardier 1992; Parera 1993; SpinolaParallada and Vaughan-Dickhaut 1995) . In the past century, otters were subjected to a high capture pressure driven by fur sales. Despite the prohibition on hunting in many countries and the support of organizations such as the CITES and IUCN, the size of the populations of 12 of the 13 species is still declining, due to the pollution of aquatic environments, the reduction of riparian vegetation in rivers and lagoons, deforestation, and habitat fragmentation (IUCN 2015; Macdonald and Mason 1990; Rosas and Colares 1991; Waldemarin and Alvares 2008) . Habitat fragmentation can interrupt gene flow between subpopulations and, consequently, increase the probability of inbreeding and reduce genetic variability as a result of the drift (Lynch and Gabriel 1990) .
Since the development of wild mammal conservation programs requires to gain knowledge about the state of populations, genetic studies for otters have been fostered. Several of these studies have focused on the standardization of methodologies to optimize DNA extraction and genotyping. These have shown that fresh mucus and stools are the most appropriate sources for this purpose. Besides, DNA extraction is more efficient using commercial kits, due to the additional purification steps needed with other more affordable methods such as extraction with phenol-chloroform method and the Chelex® 100 method (Goossens et al. 2000; Roeder et al. 2004; Hajkova et al. 2006; Lampa et al. 2008; Lerone et al. 2014) . When a small amount of DNA is obtained, Lampa et al. (2008) recommend to perform the amplification in two steps, i.e. running a PCR and then repeat it using the product of the first as template DNA; however, this procedure may lead to genotyping errors. To reduce errors in genotype allocation, the PCR should be repeated three times when the locus is heterozygous, and up to seven times if it is homozygous (Taberlet and Griffin 1996) , and estimate the rate of occurrence of false and null alleles (Broquet and Petit 2004) . Frantz et al. (2003) proposed a method that involves less amplifications, less time and lower costs. When comparing these methods in otter faeces, Hansen et al. (2008) showed that the same genotypes could be obtained. The high costs of genotyping from faeces have fostered the use of other DNA sources such as the pelage, which may also yield more accurate results (Johnson et al. 2013) . O'Neill et al. (2013) implemented a real-time PCR to verify the source of stool samples from L. lutra by using specific mtDNA and sexing probes.
Genetic Characterization of Otters from Non-Invasive Samples. The Eurasian otter, Lutra lutra, is the species with the broadest geographical distribution and the best characterized genetically. For this reason, it is a model for the application of conservation genetics methodologies. Most studies coincide in the low mitochondrial genetic diversity of this species, due to the pressures to which it has been subjected, including hunting, water pollution, habitat fragmentation and loss, or to low historical diversity levels (Mucci et al. 1999;  individual specimen, climatic conditions and diet (Murphy et al. 2003 , Panasci et al. 2011 .
Mitochondrial DNA (mtDNA) sequences are one of the markers most commonly used in non-invasive samples, applied to investigations of genetic diversity, phylogenetic relationships and identification of potential geographical subdivisions between populations (Avise et al. 1987; Bermingham and Moritz 1998; Avise 2000) . At the intraspecies level, the score most frequently used is the control region, due to the high mutation rate in its two peripheral domains (Avise 1998; Eizirik and Bonatto 1998; Möller 2001; Montoya-Burgos 2003; Cantanhede and Da Silva 2005; Márquez and Maldonado 2006; Barnett et al. 2006; Tchaicka et al. 2007) In addition, microsatellites --nuclear markers used in molecular ecology and conservation studies --are highly variable sequences, with repetitions of two to seven nucleotides that are dispersed throughout the genome in non-coding zones. Microsatellites are widely used to assess intraspecific genetic variations, estimate the effective population size, define management units, determine the origin of populations or individuals, and analyze lineages and reproductive systems, among others (Hedrick 2004; Foerster and Valcu 2006; Crawford et al. 2008) . The use of microsatellites in DNA from stools could be limited by genotyping errors, such as null alleles, which occur when only one of the two alleles in a heterozygous individual is amplified, leading to an overestimation of homozygous individuals. Another possibility is the detection of false alleles in homozygous specimens as a result of the amplification of other genome sequences or from contamination, and which might be considered as true alleles; this situation may lead to the misclassification of an individual as a heterozygote. Therefore, care should be taken in selecting the microsatellite markers, choosing preferentially those with repetitions of tetra-or pentanucleotides for a better discrimination of size; also, each amplification should be run at least by triplicate to corroborate the genotype (Taberlet and Luikart 1999; Waits and Paetkau 2005; Pompanon et al. 2005) .
Markers linked to sex chromosomes are used for estimating the sex ratio and kinship relationships within a population, as well as for identifying individuals when genotypes are represented in several samples (Smith et al. 2006) . Mammals can be sexed by amplifying fragments of the Y chromosome, using the SRY marker, which is co-amplified with a PCR positive control (Dallas et al. 2000) . Homologous segments in X chromosomes, such as the "Zinc-finger" marker, can also be amplified (ZFX and ZFY; Park et al. 2011) .
These markers have been widely used in genetic studies of carnivorous mammals such as otters (family Mustelidae, subfamily Lutrinae). These mammals are widely distributed worldwide, except for Antarctica and Australia, inhabiting coastal and riparian areas of freshwater and marine ecosystems; their presence depends on prey availability --basically fish and crustaceans --and on the quality of the habitat (Kruuk 2006) . Otters use droppings and other mucous stools for marking the territory, as a communica- Cassens and Tiedeman 2000; Ferrando et al. 2004 . According to the IUCN (2015 , L. lutra is a "near threatened" species. A number of studies have contributed to the development of strategies that have led to the establishment of the species in many areas across Europe (Conroy and Chanin 2002; Mason and Macdonald 2004) . Dallas et al. (2000; 2003) used stools as a source of DNA for the first time by comparing the results of the genotyping of 70 samples from carcasses with those from 426 stools. Although only 24% of samples were suitable for the genotyping analyses, similar results were obtained in terms of estimates of population size, sex ratio and diversity. Later, Hung et al. (2004) estimated the abundance and spatial organization of Lutra lutra in Kinmen island, China, through DNA extraction from 343 stool samples and the amplification of seven microsatellites. A 65 % genotyping was achieved, leading to an estimated population of 38 individuals, 13 of them residents. Population density ranged between 1.5 to 1.8 individuals/km, with a similar proportion of males and females.
The non-invasive genotyping of samples from different sites allow determining the movements of individuals in a given area. Prigioni et al. (2006) genotyped 214 stool samples with 12 microsatellites, identifying 31 individuals and determining a maximum distance travelled ranging between 0.02 and 34.8 km/individual.
By genotyping six microsatellites in 427 stool samples and conducting hormone analyses to evaluate the age of individuals in a population of otters in eastern Germany, Kalz et al. (2006) estimated a total of 59 individuals (32 males and 27 females), composed of 33 adults and 22 juveniles, as well as a density of one otter for every 4.7 km of shore.
Genotyping with non-invasive samples has also been used to corroborate the density and population size calculated through ecological methods. Lanszki et al. (2008) found a positive relationship between fresh-stool density and population size through sample genotyping. In a similar study, Arrendal et al. (2007) found that track counts led to an underestimated population size compared with the results of stool genotyping. Lanszki et al. (2010) found that habitat quality is a key factor that determines population size; when analyzing nine microsatellites in 316 fresh stools in the area adjacent to two fish ponds in Hungary, these authors found a total of 33 individuals, with a higher density in the pond with higher prey availability.
Non-invasive sampling has also been used to confirm the presence of the Eurasian otter in urban areas and estimate the number of individuals. Park et al. (2011) collected 81 excreta in Daegu, South Korea, and verified their origin through the amplification of an otter-specific Cytochrome b segment. The positive amplification of this segment was used for screening out 69 samples, and only 10 of the remaining 12 were efficiently genotyped using 12 microsatellites. The presence of at least seven individuals --four males and three females -was determined. White et al. (2013) estimated the population size and genetic diversity of L. lutra in Cork (Ireland) through the collection of 199 stool samples, 187 of which were genotyped with nine microsatellites; although only 13 were successfully analyzed, 11 individuals were quantified.
A key contribution of non-invasive sampling has been its application in the evaluation of conservation programs, such as the reintroduction or study of the natural repopulation of the species. Ferrando et al. (2007) evaluated the success of the reintroduction of L. lutra in northeastern Spain, through the genotyping of invasive samples from introduced individuals and stool samples collected approximately 10 years after the reintroduction process started. These researchers found that the founding population had been replaced by their offspring and that the species had spread to its previous distribution range. Similarly, in the north of the Netherlands, Koelewijn et al. (2010) monitored a reintroduced population of 30 individuals over six years by genotyping 1,265 stool samples using between seven and 15 microsatellites. These authors identified 15 individuals of the founder population and 54 descendants, and found that females and males started mating at two and four years of age, respectively. To evaluate the recovery of Lutra lutra in Spain, Vergara et al. (2014) genotyped 128 stool samples with 11 microsatellites and estimated 20 individuals, with a density between 0.06 and 0.12 individuals/ km. Based on previous records, these authors recognized a slight recovery of the otter population in the area. The North American river otter Lontra canadensis dwells in lakes and rivers of North America and is categorized by the IUCN (2015) as a species of "least concern". Studies on L. canadensis have proposed methods to optimize the amplification and reduce the amount of PCR required to obtain a reliable genotype. In addition, specific primers have been developed for the amplification of microsatellites (Beheler et al. 2005; Hansen et al. 2008) . Non-invasive sampling was used for the first time in this species to relate the genetic results to exposure to pollutants. Guertin et al. (2010) quantified polyhalogenated aromatic hydrocarbons in faeces of L. canadensis in Vancouver, Canada, which were genotyped based on eight microsatellites. Only 12 % of 893 samples yielded a consensus genotype, represented by 49 individuals. From the data in this research, Guertin et al. (2012) found that although the survival and reproductive success of the otter were high in polluted sites, density was lower than in less polluted areas, likely due to the emigration of otters to habitats in a better conservation state.
The genotyping of faeces in L. canadensis has also been used for estimating the size of reintroduced populations. In a region of Missouri (U.S.A), Mowry et al. (2011) genotyped 1.421 excreta with 10 microsatellites; markers SRY and ZFX/ZFY were used for determining in sexing. Twenty four per cent of the samples were genotyped, resulting in 63 individuals identified and an approximate density of 0.239 otters/km, with a higher proportion of males versus females. Mowry et al. (2015) found a low (0.283) genetic diversity of the mtDNA control region in the otter population in Missouri compared with Louisiana (0.607), the place of origin of the individuals reintroduced in Missouri.
Non-invasive sampling is frequently used for creating population demography baselines. Brzeski et al. (2013) estimated the abundance of the sea otter in the Humboldt Bay (U.S.A.) from the amplification of six microsatellites in 490 stool samples. Twenty five per cent of these samples could be genotyped, corresponding to 40 individuals; the density obtained was 0.93 otters/km. Through direct observation, it was found that the size of the group varied between one and seven individuals, while genotyping showed that it was between two and 12 individuals.
The giant Brazilian otter, Pteronura brasiliensis, is a species of larger size; although it originally spanned across central areas of northern South America (Eisenberg 1989) , its current range has been reduced (Oliveira et al. 2012) . The species is classified as "Endangered" by the IUCN (2015) . In this species, mitochondrial markers in non-invasive samples were used for the first time for investigating the genetic diversity, geographical structure and evolutionary history of otters. Garcia et al. (2007) conducted the genetic characterization of P. brasiliensis populations in northern and southern Brazil through the amplification and sequencing of three mtDNA regions from the feces of 13 wild otters, as well as from tissue and blood of 17 otters in captivity or dead. These authors found a high haplotype diversity and a low nucleotide diversity (H = 0.867 and π = 0.006). The populations shared only one haplotype, suggesting a low gene flow; however, the genetic structuring analysis was not significant.
To investigate the evolutionary history of P. brasiliensis, Pickles et al. (2011a) . Amplified the control region and cytochrome b in 70 samples collected in eight countries across South America (38 feces and 32 blood and tissue samples). Finding a high haplotype diversity (H = 0.93) and a marked phylogeographic structure across the distribution range of the species. Caballero et al. (2015) investigated the population structure and genetic diversity of P. brasiliensis in the Colombian Orinoquía from the sequencing of the mitochondrial DNA control region of 54 stool and five tissue samples. These authors obtained 39 sequences of the region of interest that led to 15 haplotypes, the majority corresponding to a phylogenetic group that had not been described previously for this species.
With regard to the use of microsatellite markers, Pickles et al. (2009) analyzed the effectiveness of amplification and the degree of polymorphism of 34 markers developed for Lutra lutra (19) and Lontra canadensis (15) in 20 stool samples of P. brasiliensis collected in the Amazonian basin of Bolivia. These authors were able to amplify 60 % of samples, and 32 of the 34 loci were effective. From these results, Pickles et al. (2011b) selected 13 microsatellites to establish the genetic diversity and structuring patterns of four populations of the giant otter in South America. Forty five per cent of 170 stool samples were successfully genotyped, leading to an estimated population size of 59 individuals.
The Neotropical otter, Lontra longicaudis, shows the wider distribution range in America, although recent studies show that this species is "near threatened" across most of its range (Rheingantz and Trinca 2015) . For the first genetic characterization of the mtDNA control region of the Neotropical otter, Trinca et al. (2007) extracted DNA from four stool samples and 20 tissue and blood samples collected in southern of Brazil. The sequencing of this segment revealed a high haplotype diversity (0.819) and a low nucleotide diversity (0.0049), seemingly associated with recent diversification process. Subsequently, Trinca et al. (2012) amplified three mtDNA segments from four stool samples and 48 blood and tissue samples collected in a vast area of South America. The results showed a high genetic diversity (H = 0.9694, π = 0.00814) and the presence of four different evolutionary lineages, partially consistent with the three subspecies proposed for the species.
In three regions of Mexico, Guerrero et al. (2015) collected stools, hair and muscle tissue of the Neotropical otter, aimed at estimating the genetic diversity and demographic history using mitochondrial markers. These authors identified 44 individuals and 11 haplotypes, with a total genetic diversity that was lower than the one reported in previous studies for the species (H = 0.7620, π = 0.0023), and found evidence of genetic structuring. Phylogenetic analyses with the haplotypes reported in Central and South America made possible to identify a monophyletic lineage in North and Central America that may represent an Evolutionarily Significant Unit (ESU), consistent with the assignment by Trinca et al. (2012) .
In the first study of L. longicaudis using nuclear markers, Weber et al. (2009) collected 43 stool samples in the state of Rio Grande do Sul and tested the amplification of five microsatellites developed for Lutra lutra. The genotyping efficiency reached 37 % and 24 genotypes were detected. Although the actual number of alleles was high, these authors found a heterozygous deficiency in all loci and a low genetic differentiation between the sites evaluated.
In the Lacantún fluvial system (Mexico), Ortega et al. (2012) assessed the dispersal and genetic structure of the Neotropical otter through the amplification of eight microsatellite and the ZXY marker in 623 stool samples. The genotyping success was 24.4 %, finding 34 unique genotypes, high dispersal levels, low genetic differentiation levels and a similar sex ratio. Trinca et al. (2013) evaluated the population size, spacetime organization and kinship relationships of the Neotropical otter in southern Brazil through the genotyping of eigth microsatellites in 253 stool samples. From a 41.1% amplification success, these authors estimated the presence of 28 individuals and a density of approximately one otter/km. In addition, they found a high genetic diversity, accounted for by the high proportion of alleles per loci. The proportion of females and males was similar. While males moved across large areas, females showed a more phylopatric behavior. The reconstruction of genealogies showed that the spatial organization of otters is influenced by kinship. Trigila et al. (2016) used eight microsatellites for genotyping 36 stool specimens of L. longicaudis in the Paraná river delta (Argentina). These authors genotyped 54.8 % of samples and identified 29 individuals. The low heterozygosity found was consistent with the high degree of kinship; in addition, they found a positive correlation between habitat quality and genetic diversity.
The southern river otter, Lontra provocax, is the species with the most restricted geographical distribution, thriving in the Patagonia, and is classified as "Endangered" by the IUCN (2015) . The few genetic studies for this species are based on mitochondrial markers. To compare the genetic diversity of L. provocax in the north and south of the Argentine Patagonia, Centrón et al. (2008) amplified the control region and cytochrome b from 150 stool samples. Only 13 sequences were obtained in the control region, represented by a single haplotype, and 34 sequences of cytochrome b, with four haplotypes. Vianna et al. (2011) analyzed the phylogeographic patterns and the population structure of L. provocax in marine and limnetic environments through the amplification and sequencing of three mitochondrial segments in 75 samples (57 stool and 18 tissue samples). These researchers found 17 haplotypes and a strong genetic differentiation between otters of the two habitats. The phylogeographic evidence suggests that the adaptation to marine habitats resulted from the presence of a shelter during the Last Glacial Maximum.
The southern sea otter, Lontra felina, is the smallest otter, is distributed along the coasts of Peru and Chile, and is classified as "Endangered" by the IUCN (2015) . In this species, only mitochondrial markers have been applied in genetic diversity studies. Valqui et al. (2010) characterized the mtDNA control region in 87 stool samples of L. felina collected in the Peruvian coast, 37 of which being successfully amplified and sequenced. These authors found a high haplotype diversity, represented by 11 haplotypes, and found no evidence of genetic structuring in the area studied.
The high genetic diversity of this species in the Peruvian coast was confirmed by Vianna et al. (2010) in an investigation on its evolutionary history, by sequencing three mtDNA segments in 357 stool, 16 blood and 46 carcasse samples collected along the coasts of Peru and Chile. The success of amplification and sequencing was 35 %, with a higher genetic diversity of otters in the coasts of Peru vs. Chile. A strong geographic structuring was evidenced, and the phylogenetic analysis showed that L. felina diverged from L. provocax.
The available information evidences the advantages of using genetic diversity markers in non-invasive samples, since it is possible to obtain high-quality amplifications for the genotyping of individuals. In the case of microsatellites, genotyping success varied between 7 % and 65 %, likely due to differences in sample quality and preservation method. In addition, the number of markers used varied; therefore, it is possible that works involving a lower number of markers report a higher genotyping success (Table 1) . It is worth mentioning that the majority of studies performed multiple amplifications and quantified genotyping errors according to the proposal of Taberlet and Luikart 1999; other studies are not clear in this respect, which may also have biased the results.
As there is no consensus on the genotyping methodology for stool samples, it is recommended to standardize the experimental conditions. Initially, the microsatellites to use should be evaluated, selecting those that are polymorphic in the population; the number of tandem repetitions should include at least three nucleotides in order to accurately estimate the size of alleles (Taberlet and Griffin 1996; Taberlet and Luikart 1999) . When markers are applied for the first time, their functioning in the species of interest should be checked; to date, microsatellite markers have been developed for Lutra lutra and Lontra canadensis, and their application to other related species has been effective. Finally, to obtain a reliable genotype it is necessary to repeat the amplifications to achieve a genotype consensus and estimate the rate of occurrence of null and false alleles. The available information indicates that non-invasive samples were initially used to estimate the number of individu-als and population structure. Then, these were applied to evaluate the success of reintroduction and management programs. In addition, the use of genotyping coupled with measurement of toxic substances in stool made possible to better explain the demographics and genetic diversity of populations of Lontra canadensis. It is key to conduct these studies in other otter species exposed to pollution, in order to establish their response to these conditions.
Mitochondrial DNA, as a marker of diversity in noninvasive samples, has been used in a few studies as a first approach to the genetic diversity and evolutionary history of species. This marker shows a more efficient amplification vs. microsatellite markers, since a single cell has numerous mitochondria and hence many mtDNA copies. However, with this marker the number of individuals represented in the samples analyzed is uncertain; therefore, it should be applied concurrently with microsatellite markers, so that separate individuals can be differentiated. When used together, both markers can provide a broader overview on the genetic diversity, demography, ecology, evolutionary history and behavior of otter species; in turn, this information may lead to an earlier identification of the impact of environmental changes on otter populations and the design of appropriate conservation strategies.
